We re-examine the size of the underground economy in the U.S. between 1972 and 2006 after properly adjusting for several statistical issues relating to its estimation. The dynamic error-correction-based currency demand approach confirms that income tax rates have no contemporaneous effect on currency demand, but they have positive and significant effects with a one-period lag. In addition, we observe that the size of the underground economy in the U.S. has grown considerably during the post-1990 period from $148.7 billion (3.4% of official GDP) in 1973 to $691.2 billion (6.0% of official GDP) in 2006. We also find that misspecified models have a propensity for overstating the size of the underground economy. During recessionary periods, the underground and official economies move in a same direction, although the growth rates of the underground economy are more unpredictable than those of the official economy.
I. Introduction
During the past few decades, there has been increased interest in the informal, shadow, unofficial or underground economy. The presence of a large underground economy undermines government revenue collection, while increasing the cost of providing public services. The underground economy can also lead to misguided policy decisions because it can potentially distort economic statistics and information. Therefore, it is essential that accurate measurement be made of the part of the economy that is not captured by official means.
Despite its importance, there is still disagreement on the definition of the underground economy. For this paper, it will be defined as unreported income from the production of goods and services to avoid paying income taxes. 29 29 There exist various illegal and forbidden activities of economic agents (such as organized crimes, drug dealing, trafficking of human beings, smuggling of goods, loansharking, prostitution, bribing of officials, fencing of stolen goods, etc), which are not tax-induced as they would exist even in the absence of taxation. Therefore, this definition may be disputed by some, but the focus of this paper is to measure the size of the underground economy rather than perfect the definition (For a detailed discussion on the Furthermore, although none of the available theoretical or empirical models provides a perfect explanation, most previous studies on the underground economy have concentrated on the following issues: measurement, the general characteristics (size, causes, scope, trends, major actors, etc.) of the underground economy, the impact of the underground economy on the formal economy, policy design to adequately address the sources and outcomes of the underground economy (See Schneider and Enste, 2000) .
In this paper, we focus on the following measurement issues based on currency demand models to estimate the size of the underground economy. First, most of previous studies on the underground economy have a tendency to overlook the importance of the socalled "spurious regression problem", mainly resulting from the non-stationarity with unit roots, stochastic trends, and serial correlations prevalent in time-series variables used in the estimation of currency demand models.
Second, a consensus seldom exists regarding accurate model specifications. For example, Tanzi (1980 Tanzi ( , 1983 uses the ratio of currency to M2 as a dependent variable, but in a closely related research, definition of the underground economy, see Schneider and Enste, 2000) .
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Feige (1986) uses the ratio of currency to bank deposit as a dependent variable. Spiro (1996) uses currency, real currency per capita, M1 excluding currency, or M2 excluding currency as a dependent variable. Therefore, researchers have serious disagreement with the choice of explanatory variables because currency holding decision could be determined by numerous economic factors such as tax rates, wages, interest rates, incomes, financial innovations, unemployment, consumption, and many other aspects (see Tanzi, 1999; Bhattacharyya, 1999; Giles, 1999; Thomas, 1999) .
Consequently, the choice of relevant dependent and explanatory variables is, unavoidably, at researchers" discretion. In addition, to deal with nonstationarity, trends, and serial correlations, researchers have additional flexibility to select one of the alternative approaches such as detrending, ARMA, differencing, and error correction models. In this regard, it would be more meaningful to investigate the sensitivity of the sizes of the underground economy depending on the model specifications and variables selections, rather than to find the single best model specification.
We summarize the major findings as follows. First, a dynamic error-correction-based currency demand model outperforms other alternative specifications once non-stationarity and serial correlations are properly dealt with. Second, we observe that the underground economy grew from about $148.7 billion (3.4% of official GDP) in 1973 to about $676.6 billion (6.0% of official GDP) in 2006. The size of the underground economy in the U.S. has grown the most distinctly since the 1990s mainly due to increase in currency holding, growth in the private services sector, the burdensome procedure to obtain business licenses and pay taxes, and a higher perceived level of corruption in public sectors. Third, we find that the sizes of the underground economy are relatively robust without regard to currency demand model specifications. Misspecified currency demand models would not make dramatic changes in the estimation results, even though they tend to overstate the size of the underground economy.
Finally, although the growth rates of the underground economy have fluctuated more over the periods than those of the official economy, the underground and official economies appear to move in the same direction. During the recessionary periods, the underground economic activities in the U.S. also experience recession, but they tend to rebound once official economy recovers.
In Section II, we analyze the U.S. time-series of currency holdings and monetary bases. In addition, we also investigate the profile for the non-U.S. citizen population, business environment, regulation, and the perceived level of corruption to surmise the trend of the underground economy. Section III provides a detailed explanation of currency demand models, estimation issues, and research methods to estimate the size of the underground economy. Section IV gives the empirical results of the econometric testing, including the estimated size of the underground economy for the years from 1972 to 2006. Section V describes the policy implications of the existence of a substantial underground economy and Section VI provides conclusions.
II. Currency Holdings, Employment, Business Environments, and the Level of Corruption in the U.S.
The time-series patterns (Figure 1 ) of currency holdings and monetary bases during 1959-2006 in the U.S. provide serious challenge to both researchers and policy makers. Although the U.S. tends to be headed toward a cashless society fueled by financial innovations including the rapid growth of credit cards, electronic bank transfers from savings to checking accounts, and automatic teller machines (Porter et al., 1979) , real per capita currency outside banks has been exploding from $160 in 1959 to $2,489 in 2006. As a result, the volume of currency peaked (2.45) relative to demand deposits (C/DD) in 2006. 30 Similar to the ratio of currency to M2 (C/M2), the remarkable drops in the ratio of currency to private consumption expenditure (C/PCE) from 71% in 1959 to 40% ended in 1986, and then this ratio increased up to 69% in 2006.
We also marked recessionary periods (1960, 1970, 1974, 1980, 1990 , and 2001) in Figure 1 (See Appendix A).
Before 1990, with a few exceptions, C/PCE and C/M2 ratios jumped to higher levels during recession periods. However, since 1990, the ratios dramatically increased without adjustments. In absolute terms, bank deposits experienced the most noticeable increases during the periods between 1959 and 2006. As a result, M2 reached $7027.3 billions in 2006 starting from $297.8 billions in 1959. Figure 2 depicts employment levels by occupations and sectors in the U.S. Unemployment rates have been relatively stable across the periods except slightly higher levels during the recessionary periods. Income tax rates, calculated as total income tax payments as a percentage of personal incomes, ranged between 12.52% and 21.14%. However, we observe that unlike (agricultural and non-agricultural) self-employed workers, private service-providing sectors, prone to underreport incomes taxes, have been rapidly expanding across periods from 40% in 1959 to 63% in 2006. In contrast, the amount of wage and 30 Gutmann (1977) mentions that currency in circulation has been growing more rapidly than demand deposits, which shows a reflection of growth in the underground economy. However, Garcia (1978) argues that a shortfall in demand deposits, rather than an increase in holdings of cash, has caused the ratio of currency in circulation to demand deposits (C/DD) to rise because of recent rapid financial innovations and the proliferation of money-saving opportunities over the past decades. Thus, Garcia points out that increases in the currency ratio provide no information from which to estimate the magnitude of the underground economy.
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salary relative to national incomes shows consistently decreasing patterns from 54% in 1965 to 36% in 2006.
We also report profile for the non-U.S. citizen population in Table 1 31 These measures help us identify the causes and sources of working in the underground economy. For example, starting a business in the U.S. proves to be quite convenient and is ranked 3 out of 175 countries, together with overall ease of doing business rank. However, we find that the procedures to deal with licenses and pay taxes are rather complicated and burdensome compared to those in other geographic regions. U.S. workers need 18 procedures, on average, to deal with licenses and have to spend about 325 hours in preparing, filing, and paying taxes, which are higher than OECD averages (14 procedures to deal with licenses and 202.9 hours in paying taxes). The U.S. profit tax rate (26.6%) is also considered the highest compared to those of other geographic regions including OECD countries.
Transparency International Global Corruption Barometer in Table 3 also suggests extensive underground activity among national institutions and 31 The "Starting a Business" indicator measures the challenges of launching a business and includes the number of steps entrepreneurs can expect to go through to launch, the time it takes on average, and the cost and minimum capital required as a percentage of gross national income (GNI) per capita. The "Dealing with Licenses" indicator reports the procedures, time, and costs to build a warehouse, including obtaining necessary licenses and permits, completing required notifications and inspections, and obtaining utility connections. The "Paying Taxes" indicator shows the tax that a medium-size company must pay or withhold in a given year, as well as measures of the administrative burden in paying taxes. This indicator includes the number of payments an entrepreneur must make; the number of hours spent preparing, filing, and paying; and the percentage of their profits they must pay in taxes.
sectors. Unlike the common belief, the perceived level of corruption is not significantly lower in the U.S. than other emerging economies. Furthermore, almost 43% of participants in the 2005 survey agreed that the level of corruption increased a lot in the past 3 years and 30% of participants expected the level of corruption in the next 3 years to increase a lot, while only a few participants were optimistic about the direction of corruption levels. In sum, there is no doubt that the sizable underground economic activity exists in the U.S. from the various perspectives including currency holdings, employment, business environments, and the perceived level of corruption.
III. Description of Methods

A. The Econometric Analysis to Estimate the Size of the Underground Economy
In measuring the size of the underground economy, the currency demand approach has been the most widely used. It estimates the size of the underground economy from the demand for cash, based on the assumption that informal transactions are undertaken in cash and that an increase in the underground economy will raise demand for cash. 32 There are several different models that have been used to estimate the size of the underground economy. These include Cagan (1958) , who analyzed the demand for currency specifying expected real income, expected interest rates, and tax rates as explanatory variables. Gutmann (1977 Gutmann ( , 1979 assumes a stable relation between the ratio of currency to demand deposits and "legal activities" and argues that a rise in the ratio indicates an increase in the size of the underground economy. Feige (1979) assumes a constant ratio of total transactions to nominal GNP and argues that given that the money supply (Ml) and its transaction velocity are known then, in the absence of the underground economy, the derived GNP should equal the official GNP and any discrepancy would measure the underground GNP. Gutmann"s approach is criticized for not considering the effect of financial innovations on the currency to demand deposit ratio while Feige"s approach is criticized for its reliance on ratios that are assumed constant over long periods. 32 More recently, the latent variable / MIMIC (Multiple Indicators, Multiple Causes) approach estimates the size of the underground economy as a function of observed variables that are assumed to influence the underground economy -for example, the burden of taxation, the burden of government regulation -and of variables where informal economic activities leave traces, like cash, official working time, and unemployment. This latent variable method considers multiple causes and effects simultaneously and assumes that a change in the size of the underground economy may be reflected in a change in monetary indicators, labor market participation rates and working hours, and national output statistics (For a survey of other alternative approaches together with more technical details on MIMIC model, see Schneider and Enste, 2000; Chaudhuri et al., 2006) .
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Tanzi (1980, 1983) modified Cagan"s approach by estimating a currency demand function for the United States for 1930-1980. In his approach, the influence of the underground economy on currency demand, proxied by tax rates to indicate the incentive to avoid taxes and participate in a cash-based underground economy, was estimated directly in the regression equation linking currency demand and tax rates. The approach to measuring the underground economy consists of specifying a demand-for-currency equation to infer the effect of a change in the tax level on that demand. The key assumptions are as follows: 1) the underground economy activities are the direct consequence of high taxes and, 2) the transactions are made using mainly currency.
More formally, the long-run demand-forcurrency equation can be written as 
B. Estimation Issues and Model Specifications
Most recent currency demand methods including Tanzi"s (1980 Tanzi"s ( , 1983 original model are built upon the regression model with multiple time series variables. However, we find that the majority of the time-series data used as dependent and independent variables are non-stationary with unit roots. Therefore, much care must be taken to precisely estimate currency demand models, which requires more formal procedures involving detrending, differencing, corrections of serial correlations, or cointegration tests depending on the properties of time-series data. The Tanzi-type currency demand models will only become valid when the sample is large enough, the explanatory variables are exogenous, and both the dependent and the explanatory variables are stationary or cointegrated, and the random error term has certain distributional properties (Granger and Newbold, 1974; Dickey and Fuller, 1979 ).
Unless the abovementioned time-series properties are properly corrected, "nonsense correlations" (seemingly significant correlations) or "spurious regression" (seemingly significant effects) problems arise and regression results will often indicate a significant relationship, even though non-stationary time-series variables are not closely related (Granger and Newbold, 1974) . Similarly, serial correlations should be also addressed by including ARMA terms within regression models due to the inertia properties of macroeconomic time-series data. (Klovland 1984; Faal, 2003) . For comprehensiveness, we estimate the following five alternative currency demand models to estimate the size of the underground economy. We admit that the estimates derived from currency alone may exaggerate the degree of the U.S. underground economic activity because of difficulties in accounting for overseas holdings of the U.S. currency (Pozo, 2006) . Therefore, we also carried out experiments with 1) other functional forms, 2) the ratio of currency holdings to other forms of liquidity, not the absolute level of currency, for a dependent variable 
IV. Results
A. The Estimation Results of Currency Demand Models
From the theoretical viewpoints, the expected sign for both per capita income and the interest rate is negative, while the expected sign for both taxes and the ratio of wages and salaries in national income is positive. As the level of taxation rises, individuals are tempted to take part in tax-evading activities that are performed using currency so that the use of currency increases. Because wages are often paid in currency for daily informal workers, and other types of income (interest, dividends, etc.) are almost always paid by check, an increase in the ratio of wages in total income paid will require more currency. On the other hand, economic development, as proxied by per capita real income, is assumed to lead to the replacement of currency by checks, which leads to a fall in currency holding relative to deposits, but not absolutely. In addition, currency holding and the time-deposit rate can be expected to be negatively correlated because as the rate of interest increases the opportunity cost of holding currency increases.
Indeed, the estimation results of Model [1] in Table 5 If uncorrected, serial correlation in the residuals will lead to incorrect estimates of the standard errors, and invalid statistical inference for the coefficients of the equation unless the variables are cointegrated (Dickey et al., 1991) .
Empirical interpretations become more subtle and complicated once currency demand models are modified to address non-stationarity, trends, and serial correlations as in Models [2] - [5] . In Model [2] , we examine if currency holding has a deterministic trend by incorporating linear Time variable within the model specification. We find that although both tax rates and a Time coefficient are significant at the conventional statistical levels, Model [2] Detrending method also generates heteroskedasticity remaining in residuals in Model [2] from ARCH test. Therefore, we figure out that upward or downward trends in variables used in currency demand models show stochastic trends mainly coming from nonstationarity with unit roots. For this reason, the detrending method to remove a deterministic trend is not very satisfactory.
For Models [3] - [4] , we consistently obtain the non-significant relationship between tax rates and currency holding for ARMA (1, 1) structure (Model [3] ) and first-differencing method (Model [4] 
B. The Size of the Underground Economy in the U.S., 1972-2006
The first step in determining the magnitude of the underground economy is to solve Models [1] , [2] and [5] . The estimates of the underground economy are derived as follows. For each year, the predicted level of the currency, C*, can be calculated by using the preceding regression equations. Next, the equations are solved in the same way, assuming that the tax variable is zero while the coefficients of the other variables remain the same. The resulting value of currency is then defined as C**. The difference between C and C* gives an indication of the accuracy of fit of the equations. The difference between C* and C** gives the estimation of how much currency holding is tax induced; in other words, it indicates by how much taxes induce people to hold larger amounts of currency -presumably because of their attempt to evade taxes. The difference between predicted currency holdings (C*) and the currency holdings predicted from the equation under the assumption of zero taxes (C**) yields an estimation of "illegal money". The difference between M2 and the estimated illegal money yields "legal money" used for transaction purposes. Dividing GDP by legal money gives an estimate of the income velocity of legal money. Assuming that the velocity of illegal money is the same as that of legal money, an estimate of the underground economy can be obtained by multiplying illegal money by the velocity of money.
Therefore, positive and significant coefficient values on tax variables are required to estimate the size of underground economy using monetary approach. For example, if tax coefficient is negative, predicted currency without tax (C**) will become larger than that with tax (C*), which makes the size of the underground economy less than zero. In addition, if tax coefficient is insignificant, the difference (illegal money) between C* and C** will not be statistically significant. Therefore, for comparison, we estimate the size of the underground economy based on Models [1] , [2] , and [5] , which have positive coefficients on tax rates. Considering that the error-correction-based currency demand model provides the best performance as well as effectively deals with non-stationarity and serial correlation, we provide detailed intermediate procedures for Model [5] in Table 6 . Table 6 (8)- (9) in Table 3 . Multiplying column (5) by column (7) produces the estimates of the underground economy, shown in column (8) . These estimates are also given as proportions of GDP in column (9) . While the federal tax rates have gone up, come down and gone back up during this period due to the U.S. tax reforms, the underground economy as a percentage of GDP has consistently gone up in small increments. Possible explanations for the increase include a growing level of sophistication by operators of underground businesses and the increasing use of technology and communications to successfully operate underground enterprises. As technology improved, it gives the underground entrepreneurs a larger set of tools with which to operate a business while avoiding official detection.
As expected from the trends of currency holdings, employment, business environments, and the perceived level of corruption in Section II, the size of the underground economy in the U.S. have grown the most noticeably during the 1990s (5.15%) and 2000s (5.71%).
More importantly, the sizes of the underground economy are less susceptible to specific currency demand model specifications. Although the estimation results based on spurious regression (Model [1] ) tend to over-emphasize the size of the underground economy, the detrending method provides very similar (slightly higher) estimation results even though detrending fails to correct serial correlations.
Therefore, researchers have some flexibility to choose dependent and explanatory variables since the sizes of the underground economy are not very sensitive to specific model selections.
We also illustrate the size and growth rate of the underground economy based on dynamic errorcorrection-based currency demand model in Figure 3 . It is clear that the underground economic activity in the U.S. has increased significantly since the 1990s. The growth rates of the underground economy also have fluctuated more than those of the official economy represented by annual GDP growth. Furthermore, right after the recessions, the underground economy gains momentums. produces coherent estimates if the income-elasticity of the demand for currency is one and suggests a way to correct the estimated size of the underground economy when such elasticity is not one. Therefore, we admit that the overall estimation results of the size of the underground economy could be affected depending on the assumption of the unobservable income velocity of illegal money.
It is well-known that impoverishment and unemployment represent the main motives for people to get involved in the informal sector (Belev, 2003) . However, during the recessionary periods, underground economic activities also tend to be sluggish together with official growth rates. Therefore, although the informal sector offers income-earning opportunities to large numbers of disadvantaged people who have no access to more formal avenues of income and employment (Nurul Amin, 1987) , it is unlikely that the growth of the underground sector in the U.S. protects the poor to survive during the periods of economic decline. 36 Indeed, informal sector could exacerbate poverty, either directly or indirectly, through increasing inequality in the access to services and opportunities, increased vulnerability, and human abuse (Marc and Kudatgobilik, 2003) .
V. Policy Designs, the U.S. Tax Reforms, and Taxpayer Compliance
If the underground economy continues to grow, it will have vital implications for the U.S. government. Primarily, as a greater percentage of the economy goes underground, a smaller percentage must bear the total tax burden. As both the underground businesses and its employees avoid paying taxes, the businesses and employees of the legitimate economy are forced to pay more than their share of taxes. This leads to bitterness over unjust tax rates and provides a greater incentive for others to join the underground economy.
In addition, any governmental decisions regarding fiscal and monetary policy are being made based on incomplete and inaccurate information. In other words, the data describing the national income, employment, spending, etc. are being understated. This makes it very difficult for the government to make informed decisions in its implementation of economic policy. One good example is that the failure to take account of the underground economic activity overstates the official unemployment rate and the government estimate of families who live in poverty. Therefore, it encourages the federal government to focus more attention on unemployment, rather than inflation although a significant percentage of the officially unemployed are in reality working "off the books," being paid in cash suitable for transactions that go unrecorded and untaxed (Gutmann, 1978) .
According to the recent estimate of The Internal Revenue Service (IRS), between one and two million Americans are using tax havens to deposit money, which they then withdraw on their credit cards, and that offshore tax evasion is reducing U.S. tax revenue by US$70 billion a year. In addition, the October 2004 36 With respect to the role of the informal sector on alleviating poverty by redistributing income towards the poorer group, Bennett (1995) also concludes that the growth of the informal sector did little to protect the poor in Guyana and Jamaica from overall economic decline between 1977 and 1989. tax reform included a number of incentives for companies to repatriate funds held overseas since growing number of companies have moved their head offices to tax havens to reduce their tax burden. Moreover, the liberalization of financial markets, particularly for cross-border capital flows, promotes money laundering. Money laundering activities can corrupt parts of the financial system and undermine governance of banks (Quirk, 1996 (Quirk, , 1997 MorrisCotterill, 2001 ).
Therefore, the U.S. government needs to make further efforts to penalize "tax evasion" in the form of the use of offshore tax havens and money laundering. There is considerable synergy in improving both tax collection and anti-laundering systems because laundered income from crime is also subject to tax evasion. In this regard, it is possible that much of the U.S. federal deficit could have been eliminated if taxes on unreported income had been paid.
Importantly, recent studies (Johnson et al., 1998 (Johnson et al., , 1999 Scheneider and Enste, 2002; Sennholz, 2003; Schneider, 2006; Pozo, 2006) demonstrate that there exists no positive correlation between tax rates and the size of the underground economy using data in a sample of countries from around world (so-called "the tax paradox"). They argue that the perceived corruption, ineffectual and discretionary application of the tax system and regulations by governments are directly related to the demise of respect for government, a disregard for laws and regulations, and the rise of underground economic activity.
As a result, the underground economy is expected to be thriving wherever, in the judgment of taxpayers, the government exactions are exorbitant and unjust.
On the contrary, smaller underground economies appear in countries with higher tax revenues that are achieved by lower tax rates (resulting in a high degree of taxpayer compliance), fewer laws and regulations combined with consistent enforcement, and less bribery facing companies. For example, although President Bush"s series of ambitious tax cuts over recent years have been the subject of hot debate, the administration argues that tax revenues have actually risen and the economy has been stimulated. Enste (2003) also mentions that due to underground economic activities, the tax revenue might reach the negatively sloped part of the Laffer Curve where higher tax rates result in a lower tax yield.
V. Conclusions
This paper presents the yearly estimates of the underground economy for the period from 1972-2006. The estimates were made based primarily on dynamic error-correction-based currency demand methodology to correct non-stationarity and serial correlations prevalent in macro time-series variables.
Our calculations show that the underground economy as a percent of GDP has fluctuated from a low of 3.40% to a high of 6.05%. These estimates are considered very low, even in comparison with other industrialized countries, where the underground economy is estimated to be approximately 8-10% of GDP. It is a far smaller percentage than in developing countries, where the unofficial economy is believed to make up anywhere from 20% to 68% of the total economy (Schneider and Enste, 2000; Schneider, 2006) . However, the percent has been steadily increasing, especially since the 1990s, which indicates that the underground economy may further increase in its importance in the future. We also observe that although the distortions of estimation results are in acceptable ranges, the misspecifications in currency demand models such as a spurious regression or detrending method tend to over-emphasize the sizes of the underground economy in the U.S. For policy suggestions, the government should consider not only the current level of the underground economy but also its potential size in the future to identify the extent of the problems caused by the underground economy in determining its implications for economic policy. 
